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PRESSUREDISTRIBUTIONSOVERA SERIESOFRELATEDAFTERBODY

SHAPESASAFFECTEDBYA PROPULEXVXJET

AT TRANSONICSPEEDS

ByBeverlyZ.Henry,Jr.,andMauriceS.Cahn

Investigationshavebeenconductedat transonicspeedsto deter-
minetheeffectsofa sonicpropulsivejetontheaerodynamiccharacter-
isticsofthebodyfromwhichitissues.Presentedhereinarethepres-
suredistributionsovertherelatedseriesofafterbodyshapesusedin
theseinvestigations. .?%.,

Theseresultsindicatethattheeffectsofthejetonbodysurface
pressureswillbeconfinedt%therearmost15to 20percentofthelength
forbodieswithfinenessratiosoftheorderof1.O.On low-dragshapes,
those withlargeextentsoflow-angleboattailingandsmallbasesizes,
theeffectofthejetisto causean increaseinbodypressuresinthe
vicinityofthebase,whileonthebluntshapesthepredominateeffect
wasto reducetheselocalpressureswithintherangeofthisinvestiga-
tion. Increasesin jettemperaturefromcoldto 1,200°F resultedin
local-pressureincreaseswhichwerenegligibleonthelow-dragshapes
butbecamesignificantonthebluntshapes.T.~creasingstres.mMach
numbertendedtoreducetheextentofbodysurfaceinfluencedby the
Jet.

INTRODUCTION

InvestigationshavebeenconductedintheLangley8-foottransonic
tunnelto evaluatesomeoftheeffects”ofa sonicpropulsivejetonthe
bodyfromwhichit issuesandto determinetheinfluenceofafterbody
shapeonthesejeteffects.Allresultswereobtainedatan angleof
attackof0°throughouttheMachnumberrangefromO.&)to 1.10andat
eachtestpointjetpressureratioandtemperaturewerevaried.Initial
resultsoftheinvestigationshavebeenreportedinreferences1 and2.
Thesepaperspresentthevariationwithjetpressureratioofbase-
pressurecoefficientandafterbody-dragcoefficientat differentvalues
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ofstreamMachnumberandjettemperatureforeachoftheconfigurations
tested.

Theresultspresentedhereinarethepressure-distributionmeasure-
mentsobtainedoverthebodiesinvestigated.Thepre6suremeasurements
arepresentedincoefficientformandhavebeentabulated
bodyateachtestcondition.Theseresultsarepresented
analysisinorderto expeditetheiravailabilitytothose
afterl)ody-jet-exitdesign.

foreachafter-
withlimited
concernedwith

SYMBOLS

% pressurecoefficient,P2 - ‘~
%0

M Machnumber
.

R Reynoldsnumber,basedonbodylength
—.

d dismeter

z len@h

P staticpressure
—

P~ totalpressure

~ dynamicpressure,

t totaltemperature,

..
;W2 —. ---

—..

%
-r

.

angle,degP afterbodyboattail

7 ratioofspecificheats

Subscripts:

b base

J jet

m freestream

-L local

max model”maximum
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APPARATUSANDTESTS

WindTunnel

TheseInvestigationswereconductedintheLangley8-foottransonic
tunnelwhichhasa dodecagonal,slottedtestsectionthatpermittedcon-
tinuoustestingupto a Machnuniberofapproximately1.10forthese
models.Thetunnelisventedtotheatmospherethroughan air-exchange
towerwhichpermitstheexhaustingof combustiongasesfromthemodel
intothestreamwithnodetrimentaleffectsonthecharacteristicsof
thestream.Maxtiumdeviationfromtheindicatedfree-streamMachnwn-
beristO.003(ref.3).

Models

Themodelsusedintheseinvestigationswerebodiesofrevolution,
therearportionsofwhichwereremovedtoprotidean eat forthejet.
Thesebodieshadfinenessratiosfrom10.0to 10.7.A singleforebody
(seetable1)wasusedthroughoutandthemodeldesignallowedtheready
interchangeofafterbodiesofvariousgeometricshape.Themodelswere
mountedinthetunnelby meansoftwosupportstruts.Thesesupport
struts,witha chordof11.25inchesandanNACA65-010airfoilsection
measuredparalleltotheairstream,wereplacedsothattheleadingedge
intersectedthebodyat a point21.Tinchesfromthenoseandwereswept
back45°. A sketchofthegeneralarrangementofthemodelinthetun-
nelisshowninfigure1.

Presentedintable11 istheequationutilizedto definetheexter-
nalshapesoftheafterbodiesinvestigated.Alsoshownarethedesign
pointsusedtoassignvaluesto theequation.me ordinatesfromwhich
thebodyshapeswereconstructedaregiveninta%le1. Drawingsofthe
afterbodyshapesareshowninfigure2. Themodels-wereinstrumented
withbase-pressureorificesandwiththreerowsof static-pressure
orificeslocatedat 0°,45°,and’72°fromtheplaneof symmetryas
showninfigyre1.

TurbojetShnd.ator

Containedwithinthemodelswasa devicefor.thesimulationofa
turbojetexhaustwhichburnsa mixtureofethyleneandairandexhausts
thecombustionproductsthrougha sonicnozzle.Detailsofthesimu-
latoraregiveninreference1.
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TestsandMeasurements —

Themodelsweretestedat anangleof-attackofOo throughoutthe-
—.4

Machnumberrangefrom0.80to 1.10.At eachtestMachnumberthejet
pressureratiowasvariedfroma no-flowconditionto=llorto themaxi-
mumobtatiableat jettemperaturesof “cold,i’~oF, andl)2000F. The _..
term“cold”flowisusedhereintodefinethetemperatureoftheair
comingfromthesource,normally750 t.o80°F, andcorrespondsto a ~
fuel-airratioofO. TheRe ldsnumberbasedonbo~ylengthvaried’

,..-

Yfrom15.ox 106to 17.4 x 10 . (Seefig.3.)

At eachtestpoint,body-pressuredistributions,.basepress~es,”
andfree-streamconditionswerephotographicallyrecordedfrommultiple-
tubemanometers.Tunneltotaltemperature.wasobtainedfroma recording
potentiometer.

Jettotalpressurewasobtainedfroma calibratedprobemountedin
thecombustionchamberandwasreferencedtoa static.~ressureorifice
onthetunnelwallforthedeterminationof jetpressmeratio.Jet
temperaturewasobtainedfroma shieldedchromel-alumelthermocouple
neartheexitstation.Allvaluesdefini~-thejetconditionwerephoto-
graphicallyrecordedby a camerasynchronizedwiththatusedtorecord
pressuredata.

—.

RESULTSANDDISCUSSION

PresentedintableIIIarethemeasuredvaluesof—local-pressure.
4

coefficientat eachtestconditionovereachafterbodydepictedinfig-
me 2. Measuredvalues.ofbase-pressurecoefficientfirtheseafter-
bodieshavebeenpublishedinreferences1 and2. In.tableIVarepre-

—

sentedthepressure.distributionsoverthemodelforeb.odyobtainedin .
conjunctionwithafterbodiesI andVI. Thesetwoconfigurationswere —
arbitrarilychosento indicatethatlaxgecliangesin &onditionsoverthe

:

afterbodycausedno changeintheforebodydistribution.

Infigure4 arepresentedthevariationsinlocal-pressurecoeffi-
cientalongthe0°meridianof eachafterbodyforsev&%lrepresentative
jetpressureratios.Thisrowhasbeensel=tedast~icalsinceitmay

-..

be observedthatovertherearportionsofthebodies,downstreamofthe
localflowfieldofthestrut,themeasurementsaregetlerall.ythesame
foreachrowwithintheexperimentalaccuracyofthedata(normally
fo.oo5).

Inthepressuredistributionsoverafte_rbodylE i~w$llbe seen.that
a displacementofthelocalpressuresoccurs-.ree&wardoftheextension”

c

partingline. Sincethisdisplacementdidnotoccurfortheno-~et-flow
.
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condition,itmaybe assumedthatthedisplac~entisdueto leakage
throughthisjuncture.Thecurvesinfigure4(a)haveconsequently
beenfairedaccordingly.

As wasnotedinreference2,ata Machnumberof1.10,a disturb-
anceoriginatingatthesupport-bcdyjuncturewasreflectedfromthe
tunnelwallto strikethemodelsata petitvaryingfromabout
x/Zm =0.90 to x/2B =0.97 dependingonbodylength(approxi-
mately1 to 4 Jetdiametersupstreamofthebase).Thisreflected
disturbanceresultedinmorepositivelocalpressuresand,consequently,
inlowerdragvalues.Whiletheabsolutevaluesoflocal-pressurecoef-
ficientareincorrectintheregionofthisdisturbance,examinationof
thedragvaluesindicatedno alterationsofthejeteffectswhichcould
be attributedtothedisturbance.Itwill.be observedthattheeffect
ofthisdisturbanceismorereadilyapparentonthosebodieswhichhave
cyltidricalshapeorwhichcloselyapproachthisshape(seeafterbodies
X,XII,XIII,andXIV). It isonthesebodies,however,thatthedrag
contributionoftheboattailisreducedinproportiontothecontribu-
tionofthebodybase.

Theeffectofthejetiscotiinedgenerallytotherearmost15to
20percentofthebodylength.Forthelow-dragshapes,bodieswith
extensivelow-angleboattailing(80to 160)andsmallbaseannulus
sizes(dj/db= 0.5 orlarger),externalexpansionoftheJetatpres-
sureratiosofabout3 andhigherresultedinan outwsrddeflectionof
theexternalstreamwhichcausedan increaseinpressureovertherear
portionofthebodieswiththeaccompanyingdragreduction(see,for
example,afterbodiesI andXI). Forthebluntshapes,bodieswithlesser
extentofboattailingendlargebasesizes(dj/db< 0.5),theactionof
thejetwasto aspiratethelow-ener~regionsattherearofthese
bodiesto lowerpressureswitha resultingincreaseindrag(see,for
example,afterbodiesX, XII,andXIII).Thisunfavorableeffectexisted
withlarge-basedmodelseventhoughtheboattailanglewasofa i’avor-
ablemagnitudeandincreasedwithincreasingjetpressureratiomtil
thepointwasreachedwherethejetdeflectedtheexternalstreamina
favorablemanner.Thepressureratioatwhichthejetinteractswith
theexternalstreamisdependentonthesizeofthebaseannulus,being
about3 forsmall-basedmodelsstiilarto afterbodyI andabovethemaxi-
mumobtainableduringthisinvestigationfora cylindricalshapesuchas
afterbodyX.

Theeffectof increasingjettemperaturewasgenerallyto causea
pressureincreaseintheregionofthebodybase. Forthe low-drag

shapes,thiseffectwassosmallastobe considerednegligible.For
thebluntshapes,however,theeffectsof chmgesintemperaturebecsme
significant.
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Reference2 indicatedthatnomajorvariationin-thecharacterof - “-
..

thejeteffectsondragresulteddueto changesinstr>amMachnumber
withintherangeofthisinvestigation.Thepressue-distributionsevi-
dencea trendtowardsa lesserexbentofthebodysurfacebeingaffected
astheMachnumberwasincreased.

From
a related
following

CONCLUDINGREMARKS

pressure-distributionmeasurements-”madeover--thesurfacesof
seriesofafterbodiesas influencedby a pro&ilsivejet,the
observationsaremade:

1.Theeffectofthejeton-localbody-surface-pressureswascon-
finedgenerallytotherearmost15to 20percentofthelengthforbodies
withfinenessratiosoftheorderof10.

2.Forbodieswithlargeextentsoflow-angleboattailingandsmall
basesizes,theeffectofthejetwasto increasethelocalpressurein
thevicinityofthebase. -. .--

3.Forbodieswithlesserextentsofboattailingandlargebase
.

sizes,thepredominateeffectofthejetwithintherangeofthisinves-
tigationwastoreducethelocalpressuresinthevicinityofthebase.

4. Increasingjettemperaturefromcoldto l,200°°Fresultedina
local-pressureincreasewhichwasnegligibleforthelm-dragshapes
butwhichbecamesignificantforthemorebluntshapes.

5.IncreasesinstreamMachnumbertendedtoreducetheextentof
bodysurfaceinfluencedby thejet.

::
—.

LangleyAeronauticalLaboratory,
NationalAdvisoryCamnitteeforAeronautics,

LangleyField,Vs.,October19,1956.

f“

.
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Equation:

3!A.BIEII.- AF!CEFWDY DESIGN

1=-==1

(Y--rL)K1.-m ~mp

()‘“YO-(YO-F% 0-X1-w

where:

x = any sSterbodystation
‘1 “ bw -e station

y~-bodybaaeradiua
y. - maximum bcdyradius

~ = body tangency mint ~ = boattall&ngle
xl-wy = radiu6 at station x = Conetmt=7.747
Yo-Yl

DeaQ3 points:

9

%xtJ ~A9Afterbaly 9, d~, : ~ dj %,
in. in. dq in. . G in.

IX ~.o ).6.40 16 1.240 1.240 1.OCO 0.248
I

2.&L
5.0 15.70 16 1.24J3 1.672 .742 .248

H
2.81

15.70 1.240 1.672 .7k2 .248 2.81
111 z 15.70 $ 1.240 1.672 .742 .248 2.81
Iv 5.0 U.7’2 I.-@ 2.344 .742 .ml 2.51
v 12.’72 l.m 2.564 .351

VI
2.51

;:: 1.2.’72 : 1.7% 2.364 :% .351 2.51
VII 5.0 15.70 1.240 1.930 .643 .248 3.81

VIII 15.70 16 1.240 2.364 .525 .248 5.49
m ;:: 19.55 7.7 1.754 2.513 .693 .351 Not defined by

x 5.0
this equatLon

15.70 L240 5.033 .248 .248 15.70
XI 5.0 15.70 ; 1.240 1.672 .T42 .248 2.81
=1 15.70 $ 1.240 3.2C0 .248 8.73

=11 ;:: 15.70 1.240 3.690 :% .248
XIv 5.0

10.63
M..72 o 1.7% 5.000 .351 .351 12.72
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Figure 4.- Continued.
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(e) Afterbody IV.

F@re b.- Continued.

?!



6

(f) Mterlxxly V.
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(g) Afterbody VI.

Figure 4.- Continued.
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(i) ~er’body VHI.

Figure 4.- Continued.
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(j) Afterbody IX.

Figure 4.- Continued.
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(k) Al%erbody X.

F@ure 4.- Continued.
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Figure h.- Continued.
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(n) Mterbaly XIII.

, Figure 4.- Cqntimud.
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(o) AfterbodyXIV.

Figure 4.- Concluded.


